Introduction {#S0001}
============

Hypertension is a significant public health problem that is responsible for millions of deaths worldwide.[@CIT0001],[@CIT0002] In Thailand, an earlier survey showed an increased prevalence of hypertension among individuals aged 15 years and over. Furthermore, hypertension is especially prevalent among elderly persons.[@CIT0003],[@CIT0004] The treatment cost for hypertension is enormous, considering the number of patients and families impacted.[@CIT0005] Since 2002, the rising burden of noncommunicable diseases led the Royal Thai government to include the treatment of hypertension in the Universal Health Coverage (UHC) benefits package.[@CIT0006] All treatment and laboratory testing for hypertension monitoring is provided free of charge to all Thai citizens in the primary health care system.[@CIT0007]

Uncontrolled blood pressure among patients treated for hypertension is a major problem in Thailand, and has become a significant public health problem under the UHC.[@CIT0003],[@CIT0008] A report from the Department of Disease Control, Ministry of Public Health showed an increase in the number of deaths caused by cerebrovascular diseases and coronary artery disease. Two-thirds of stroke cases and half of ischaemic heart disease cases were attributed to hypertension.[@CIT0009],[@CIT0010]

Of the estimated 13.2 million people living with hypertension, approximately 2.5 million receive treatment but fail to control their blood pressure.[@CIT0011] In 2014, the number of patients who received treatment and were yet unable to achieve blood pressure control to \<140/90 mm Hg was 70.3%. This means that only 29.7% were able to bring their blood pressure control within the desired range. If hypertension is more effectively controlled, the number of deaths from cardiovascular diseases will be reduced. Furthermore, the incidence of stroke would also be reduced, which may also reduce the high cost associated with long-term care in the primary health care system covered by the UHC.[@CIT0011]

The reasons for the difficulty in controlling hypertension among Thai patients are diverse. Studies have reported various causes of uncontrolled blood pressure among hypertensive patients. The causes include a lack of awareness of the condition and a lack of understanding of normal variations in blood pressure measurement, because hypertensive patients often show no symptoms. Furthermore, some patients living in remote areas refused to avail of proper monitoring and treatment, owing to the inconvenience of attending and keeping regular appointments at the hypertension clinic. Crowded clinics and long waiting times for treatment at the health facility have also been reported among the causes.[@CIT0012]--[@CIT0014]

Moreover, patients might not adhere to regular schedules for medication, or may have difficulty in taking various drugs. In addition, the insufficient attention from health-care providers to provide adequate information to patients has been cited as another challenge, as well as a lack of attention to make the necessary adjustments to medication when patients fail to effectively control their blood pressure.[@CIT0013],[@CIT0014]

Successful strategies to improve blood pressure control among hypertensive patients involve multiple interventions. Many studies recommend various complex interventions that appear to be more effective than any single intervention.[@CIT0015],[@CIT0016]

In rural areas of Thailand, where the UHC provides a health service to all populations, accessibility to health-care facilities remains a challenge. Elderly persons with hypertension have difficulty in controlling their blood pressure owing to the various causes mentioned above. Although the multidisciplinary approach has been strongly recommended to improve blood pressure control, evidence to support the most effective strategies for health-care providers and decision makers to design an appropriate program is still lacking.

Current strategies are mostly focused on the single education program intervention conducted at a health facility (either health centers or district hospitals). The multidisciplinary approach adopted in this study included a multidisciplinary health-care team taking multiple approaches to improve blood pressure control at the community level. The intervention also incorporated family support in hypertension care, an antihypertensive medication adherence education program, the use of a reminder electronic pill box, and monthly pill counts and blood pressure measurements.

The intervention was developed based on a feasible solution available to rural areas of Thailand, where limited resources and transportation remain challenges. This study was conducted in Buengkan Province, which is considered a low-income, remote area on the Thai--Laos border in northeast Thailand, with a high number of elderly hypertensive patients with uncontrolled blood pressure.[@CIT0017] Access to health facilities in this province is a challenge because of the lack of public or affordable transportation to get from the patient's village to the health facility.

This study aimed to investigate the effectiveness of a multidisciplinary intervention to improve blood pressure control among elderly hypertensive patients in rural Thailand. The results and recommendations may provide valuable evidence and inform health-care providers at all levels in the effective design of interventions to improve blood pressure control among hypertensive patients and improve the quality of care. Effective interventions should complement the UHC by increasing equal access to health care and improving equity for all.

Patients and Methods {#S0002}
====================

The study was a quasi-experimental study. It was designed to test the effectiveness of the multidisciplinary intervention compared with the control, in improving blood pressure control among previously uncontrolled elderly hypertensive patients in Noonsomboon Health Center in Buengkan District, Buengkan Province. This health center is visited by a high number of elderly hypertensive patients with poorly controlled blood pressure.

Study Area {#S0002-S2001}
----------

This study was conducted in Buengkan Province. Thailand is comprised of 77 provinces. Buengkan Province is the most recently established province. There is a lack of public transportation, and travel from one place to another can be expensive for most elderly patients. The Thailand Ministry of Public Health operates health-care services through provincial health offices. Each provincial health office coordinates with the district health offices, which administer health centers at the subdistrict level. These health centers manage health promotion, health prevention, and rehabilitation services. Noonsomboon Health Center was purposely selected because it has highest number of elderly hypertensive patients with uncontrolled blood pressure. All Thai nationals receive health-care services from this health center free of charge, which is covered by the UHC Scheme.

Study Population and Sample {#S0002-S2002}
---------------------------

The study population comprised 3150 elderly hypertensive registered patients in Buengkan Provincial Health Office, and there were 372 elderly patients received hypertension treatment at the Noonsomboon Health Center. For this study, hypertension means Systolic Blood Pressure (SBP) ≥140 mmHg and/or Diastolic Blood Pressure (DBP) ≥90 mmHg, with reference to office BP measurement. Noonsomboon Health Centers supports 13 villages under its administration. These 13 villages under its administration were grouped into two zones by using distance from the villages to the health center to separate the zone. The division into two zones is a benefit for more effective management of the health-care workforce and services. The distance between village zone one and village zone two is approximately 10 km. Zone one was randomly assigned as an intervention group and zone two was randomly assigned as a control group.

Sample Size Calculation {#S0002-S2003}
-----------------------

The sample size was calculated using the G\*power program to obtain estimates of the desired precision. Based on a previous study,[@CIT0018] the effect size of 0.5, alpha level of 0.05, and power of 0.95 were used. The total minimum sample size was determined to be 181 participants. After adding an attrition rate of 10% to account for dropouts. The total sample size was 200, therefor 100 participants were needed from each arm.

Inclusion and Exclusion Criteria {#S0002-S2004}
--------------------------------

To be eligible for inclusion in this study, patients had to meet all the following criteria: 1) hypertensive and aged 60--79 years; 2) uncontrolled blood pressure (either systolic blood pressure \>140 mmHg or diastolic blood pressure \>90 mmHg) at the last three hypertension clinic visits, recorded in the family folders at the health center; 3) historical evidence of noncompliance with their antihypertensive medication prescriptions in the medical records at the clinic in the last three months; 4) taking at least one antihypertensive medication per day and self-managing their medication. Patients with a hearing or cognitive impairment, and those who were unwilling to participate in the study were excluded.

Participant Recruitment {#S0002-S2005}
-----------------------

Elderly hypertensive patients who met the inclusion criteria and voluntarily joined the study were invited to participate in the study. In Zone one there were 121 patients met inclusion criteria and in Zone two there were 116 persons met inclusion criteria. A total of 200 patients participated in this study. There were 100 patients randomly selected from village zone one and were assigned for intervention group. There were 100 patients from village zone two were randomly selected and assigned for control group. The researcher provided general information on the study and its objectives. The consent form was signed by participants at the hypertension clinic of Noonsomboon Health Center. The participants were asked to bring their leftover medication when visiting the clinic.

Control Group {#S0002-S2006}
-------------

Elderly hypertensive patients from village zone two under the administration of the Noonsomboon Health Center were assigned to the control group. The control group received usual care from a "one stop service" for patients receiving chronic care at the health center. The usual hypertension services were organized at the health center including: 1) a special Out Patient Department for hypertensive patients, organized once a month and overseen by a physician; 2) health information and services, and prescription refills by clinical nurses; 3) height and weight measurements, blood pressure measurement, and laboratory tests for renal function -- the blood samples were collected and sent to the district hospital for testing, and the clinical nurses took medical histories and measured blood pressure to provide health education to individual patients; 4) clinical nurses provided medication after checking for any excess/leftover medication from the previous visit, and set the next appointment for a consultation -- patients with blood pressure readings \>140/90 mmHg were given monthly appointments at the health centers.

Intervention Group {#S0002-S2007}
------------------

Elderly hypertensive patients from village zone one under the administration of the Noonsomboon Health Center were assigned to the intervention group. Patients in intervention group receive the same monthly services at the hypertension clinic of the health center as the control group. The patients underwent a multidisciplinary intensive intervention program to improve blood pressure control. The intervention was designed to address the various reasons for the lack of blood pressure control. The various components of the intervention included: Community-based hypertension care program. The multidisciplinary health-care team conducted the program in the community. The community-based hypertension care was patient-centric, and close to their homes (in Thai, "Krai Ban Krai Jai," which means "near a home, near the heart"). The team comprised four clinical nurses, two public health personnel who were trained in pharmacy, and five community health volunteers for each village. The team organized the hypertension care service center in the community, once a month on Monday afternoons, for three months. The hypertension care service, including opportunistic screening for all, refilling of prescribed medications according to patient needs, blood pressure measurements, and home-based care for hypertensive patients with complications and bedridden patients.The community health volunteer conducted the community hypertension education session through a loudspeaker in the village, once a week on Monday mornings, for three months. The education session over loudspeakers lasted 15 min and allowed community members to ask questions. The education session was focused on hypertension, and included information on blood pressure determination, physiology of hypertension, antihypertensive medication, and health behavioral patterns to prevent and control hypertension.Comprehensive home visits were conducted twice a month for three months by the multidisciplinary team. The team collected information on the patient's daily lifestyle, including health-related behavior regarding physical exercise, diet, alcohol consumption, smoking habits, recreational activities to reduce stress, and other habits regarding the administration of antihypertensive medication. The data were recorded in the family folders and used to design long-term lifestyle modifications appropriate for each patient.

Long-term lifestyle modifications to control blood pressure for each patient were designed based on recommendations from the Thai Guidelines on the treatment of hypertension 2012, updated 2015 as follows: Weight reduction in overweight patients: attempts should be made to maintain a body mass index (BMI) from 18.5--22.5 kg/m^2^ and waist circumference within Thai standards, which is \<90 cm for men and \<80 cm for women.Modification for the consumption of healthy food: patients should consume all five food groups during every meal in appropriate portions.Limiting the amount of salt and sodium in food: daily consumption of no more than 2 gram of sodium per day. Stricter control of sodium to no more than 1.5 g per day.Increasing regular physical activity: physical exercise to achieve \>50--70% of the maximum heart rate by age (maximum heart rate was calculated by subtracting the age from 220) for an average total of 150 min per week.Limiting or avoiding alcoholic beverages: patients who never consumed alcohol were advised to continue to avoid drinking. Patients who drank alcohol were advised to limit their intake to no more than one standard drink per day for women, and no more than two standard drinks per day for men.Stop smoking: patients who smoked were advised to stop smoking.Encouraging family members to support the elderly hypertensive patient in blood pressure control. The multidisciplinary team conducted a training session for the patient's family members in the community, once a month on Monday afternoons, for three months. At least one of the patient's family members were invited to attend the training sessions. The family member learned about the patient's behavioral change program and was encouraged to assist and support hypertensive patients in modifying their long-term lifestyle. The training topics for family members included: 1) prevention and control of hypertension; 2) how family members can encourage patients to regularly take their medication by assisting the patient in checking doses; 3) prepare food with limited amounts of fat, salt, and other sodium products; 4) reminding and supporting patients in engaging in physical exercise at least three times a week; 5) creating a recreational or relaxing environment within the family; and 6) monitoring and supporting the limiting and cessation of alcohol consumption and cigarette smoking.The multidisciplinary team conducted monthly pill counts and blood pressure measurements in the community. When the clinical nurse noted poor adherence to antihypertensive medication, the cause was investigated to determine solutions to improve adherence, with participation from the patient and their family member. Patients were also discouraged from adjusting the dose of antihypertensive medicine themselves.Patients were given an electronic reminder pill box to be reminded of the specific times at which medication should be taken.If the multidisciplinary team had a patient with a blood pressure reading \>140/90 mmHg during a home visit, the clinical nurse consulted with a physician to adjust the prescription or review the dietary program as appropriate, via telephone. The nurse would then adjust the antihypertensive medication to follow the physician's prescription and deliver the medication to the patient's home. The nurse would explain the adjustments in the prescribed medication to the patients and their families. The nurse taught patients how to prepare the medication and would ask patients to repeat the instructions, to ensure they understood the dose, type of medication, and appropriate times to take the medication.

Baseline Assessment {#S0002-S2008}
-------------------

The baseline assessment involved the collection of data using face-to-face interviews and the World Health Organization STEPwise approach to noncommunicable disease (NCD) surveillance (STEPS) questionnaire. The data collected included sociodemographic characteristics, medication-related factors, behavioral and lifestyle factors, and comorbidities. After initial eligibility was determined, patients were asked to bring their unused or leftover medication to the health center for a baseline pill count. Medication adherence using pill count methods was evaluated by four nurses who were trained as research assistants. Patients' blood pressure measurements were recorded and blood samples were collected for laboratory testing at baseline by the same clinical nurses who were trained as research assistants.

Data Collection and Measurements {#S0002-S2009}
--------------------------------

Medical adherence data and blood pressure measurements were collected for both the intervention and control groups at baseline and at one month and three months after the intervention.

Medication Adherence {#S0002-S2010}
--------------------

Antihypertensive medication was provided for one month (30 days). For this study, the patients receive 4 types of medication which include angiotensin converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), beta blockers and calcium channel blockers (CCBs) and diuretics (thiazides). The adherence percentage was determined by counting the number of pills that was missing over a given time period, dividing by the number of pills prescribed for the same time period, and then multiplying by 100. Patients from both intervention and control groups were asked to bring their remaining medication during their monthly visits at the hypertension clinic in the health center.

Blood Pressure Assessment {#S0002-S2011}
-------------------------

The research assistants advised patients to refrain from drinking tea or coffee for at least 30 min before measuring the blood pressure. Patients were allowed to sit with a backrest in the waiting area, within a relaxing environment for 5 min. Each patient's blood pressure was assessed twice while seated (2 min apart) on the same arm, using an automatic blood pressure monitor brand BV medical name OMRAN model HEM-907 size XL, Mississauga, Canada. Those measurements were used to calculate the mean blood pressure. The four clinical nurses who were trained as research assistants assessed blood pressure and cross-checked the measurements before recording them.

Laboratory Testing {#S0002-S2012}
------------------

Clinical nurses at the health center collected patients' blood samples, which were sent to the district hospital for testing. Laboratory in this study was the only one district laboratory and the same laboratory technicians. Blood samples were collected and evaluated twice, at baseline and at three months after the intervention. The laboratory test in this study determined the estimated glomerular filtration rate (eGFR). The eGFR is the test to measure the level of kidney function and determine stage of kidney disease. The eGFR is classified into 5 stages as follows;

Stage 1: eGFR in normal range (eGFR ≥ 90) with other signs of kidney damage, like protein in urine or physical damage to the kidneys.

Stage 2: eGFR in normal range (60--89) with other signs of kidney damage, like protein in urine or physical damage to the kidneys.

Stage 3: eGFR 30--59, moderate kidney damage.

Stage 4: eGFR 15--29, severe kidney damage.

Stage 5: eGFR less than 15, the kidneys are close to failure or have already failed.

Ethical Approval {#S0002-S2013}
----------------

The study protocol was reviewed and approved by the ethical committee for Research Involving Human Subjects, Health Science Group from Chulalongkorn University (COA No.184/2560), and the Review Boards of the Ethical Committee of Buengkan Hospital (BKHEC2018-01). Committee approval is in accordance with the International Conference on Harmonization-Good Clinical Practice and the study was conducted in accordance with the declaration of Helsinki. Written informed consent were obtained from all participants. The research respected the confidentiality of all information collected from participants. A code number was assigned to each patient to protect their privacy, and confidentiality of the data was maintained.

Statistical Analysis {#S0002-S2014}
--------------------

Descriptive statistics were used for the sociodemographic characteristics of the participants. Baseline characteristics between the intervention and control groups were compared using *t*-tests and Chi-squared tests as appropriate. The Student's *t*-test was used to compare the mean change in blood pressure and medication adherence between the two groups. Repeated-measures analysis of variance (ANOVA) was used to compare the change in systolic and diastolic blood pressure and medication adherence. Analysis of covariance (ANCOVA) was used to compare the change in eGFR between the two groups. The effect size was calculated to quantify the effectiveness of the multidisciplinary approach in the intervention group. Statistical significance was set at P \< 0.05. All analyses were performed using the SPSS version 22 software (SPSS Inc., Chicago, IL, USA) (university license).

Results {#S0003}
=======

Of the 200 elderly persons with hypertension who were eligible, 100% completed the intervention period. A total of 145 (72.50%) were female, and 55 (27.50%) were male. The demographic and clinical characteristics of patients in both groups were compared at baseline. The baseline characteristics showed no significant differences between the intervention and control groups. The mean age and standard deviation (SD) was 67.28 (5.92) years. Most participants were married (76%), all were literate, most had an education level lower than high school (84%), and most worked in agriculture (66%).

For almost half of the study participants, their partner acted as their caretaker when they were ill (48%). Diabetes mellitus was the most common comorbidity (60.5%). The mean baseline systolic blood pressure was 155.28 mmHg. The mean baseline diastolic blood pressure was 90.78 mmHg. The BMI ranged from 15.62 to 29.78 kg/m^2^. The mean eGFR was 91.77 mL/min/1.73m^3^. The baseline medication characteristics were also similar between the two groups; most had been diagnosed with hypertension for 1--10 years (79%) and took 1--2 medications per day (94.50%). The mean (and SD) medical adherence to antihypertension medication was 53.11% (17.17) ([Table 1](#T0001){ref-type="table"}).Table 1Baseline Comparison of Characteristics of the Participants (n = 200)CharacteristicsAll Participants (n = 200)Intervention Group (n = 100)Control Group (n = 100)*χ*^2^ or *t* ValueP-value**Demographic characteristics**Age, mean (SD)67.28 (5.92)67.49 (6.15)66.88 (5.70)0.730.47Gender, n (%) Female145 (72.50)74710.230.64 Male55 (27.50)2629Marital status, n (%) No partner48 (24.00)23250.110.74 Married152 (76.00)7775Education level, n (%) Lower than high school168 (84.00)81871.340.25 High school and higher32 (16.00)1913Occupation, n (%) Agriculture132 (66)62701.430.23 Another field or not working68 (34)3830Type of caretaker, n (%) Children67 (33.50)33340.420.98 Partner96 (48.00)4848 Other Daughter or son in law and relatives37 (18.50)1918**Clinical characteristics**Comorbidity, n (%) HT and DM121 (60.50)58630.520.47 HT and heart or kidney disease79 (39.50)4237 BMI, mean (SD)24.08 (3.09)23.89 (3.06)24.27 (3.11)0.880.38 Systolic blood pressure, mean (SD)155.28 (10.49)154.51 (11.15)156.05 (9.77)1.040.30 Diastolic blood pressure, mean (SD)90.78 (5.85)90.47 (6.13)91.09 (5.57)0.750.46**Laboratory testing**Estimated glomerular filtration rate (eGFR) eGFR (mL/min/1.73 m^3^)91.77 (22.31)90.66 (17.97)92.87 (25.98)0.700.49**Medication characteristics**Number of medications/days, n (%) 1--2189 (94.50)96930.870.35 \>211 (5.50)47Number of years since diagnosis, n (%) 1--10158 (79.00)76821.090.30 \>1042 (21.00)2418Medical adherence percentage, mean (SD)53.11 (17.17)53.63 (17.50)52.60 (16.92)0.420.67[^1]

At one month and three months after the intervention, significant differences in change over time were noted between the two groups in systolic blood pressure at one month and three months after the intervention (P \< 0.001). Three months after the intervention, the mean systolic blood pressure was 141.27 mmHg in the intervention group and 143.56 mmHg in the control group. Significant differences change over time were also noted in diastolic blood pressure between the two groups (P = 0.001). The mean diastolic blood pressure was 73.22 mmHg in the intervention group and 76.69 mmHg in the control group ([Table 2](#T0002){ref-type="table"}).Table 2Group Differences in Control and Multidisciplinary Approach Intervention GroupsDeterminantBaselineOne Month Post InterventionThree Months Post InterventionF StatisticsP-valueEffect SizeInterventionControlInterventionControlInterventionControlSystolic BP154.51 (11.16)156.05 (9.78)143.29 (12.58)145.62 (9.81)141.27 (13.59)143.56 (14.59)9.912\<0.0010.091Diastolic BP90.47 (6.13)91.09 (5.57)82.59 (8.01)83.77 (7.47)73.22 (8.97)79.697.1200.0010.067Medical adherence53.63 (17.57)52.60 (16.92)71.71 (18.49)70.65 (20.34)72.40 (16.06)65.38 (16.49)11.395\<0.0010.103[^2]

A significant improvement was noted in the antihypertensive medication adherence percentage in the intervention group. The intervention group showed greater improvement in medication adherence than the control group (72.40% vs 65.38%) (P \< 0.001) ([Table 2](#T0002){ref-type="table"}). The eGFR differed significantly between the two groups. The mean eGFR in the intervention group was significantly higher than that in the control group (96.75 mL/min/1.73m^3^ vs 86.11 mL/min/1.73m^3^, respectively) ([Table 3](#T0003){ref-type="table"}).Table 3Estimated Glomerular Filtration Rate (eGFR) Difference in Control and Multidisciplinary Approach Intervention GroupsLaboratory TestBaselineThree Months After the InterventionF StatisticsP-valueEffect SizeInterventionControlInterventionControleGFR (mL/min/1.73m^3^)90.66 (17.97)92.87 (25.98)96.75 (13.91)86.11 (20.84)17.825\<0.0010.083

Discussion {#S0004}
==========

In this study, the multidisciplinary intervention was designed to address the root cause of uncontrolled blood pressure among elderly hypertensive patients. The multidisciplinary approach intervention comprised various components to modify patient lifestyle and health-related behavior, which affect blood pressure, medical adherence, and renal function.

At one month and three months after the intervention, blood pressure control was improved. We found a significant difference in both systolic and diastolic blood pressure between the two groups. Systolic blood pressure in the intervention group was decreased from 154.51 mmHg at baseline to 143.29 mmHg at one month after the intervention, and after continuing the intervention for three months, the systolic blood pressure was further decreased to 141.27 mmHg. Thus, systolic blood pressure decreased over time. However, even though a decline was noted in systolic blood pressure, the measurements were still slightly higher than the recommendation for controlled blood pressure (\<140 mmHg).

Diastolic blood pressure was decreased from 90.47 mmHg at baseline to 82.59 mmHg at one month and 73.22 mmHg at three months after the intervention. Diastolic blood pressure decreased over time and was within the recommended levels for controlled blood pressure (\<90 mmHg) for hypertensive patients. Even though we noted reductions in systolic and diastolic blood pressure in both the control and intervention groups, the intervention program was more successful than the control program in significantly decreasing the mean systolic and diastolic blood pressure values and increasing patient adherence. In the present study, we noted a reduction in blood pressure in both intervention and control groups. The reduction in blood pressure observed in the control group might have been due to the efforts of health-care providers in explaining and increasing patient awareness of hypertension, antihypertensive medical adherence, and health-related behaviors at the hypertension clinic. However, the eGFR in the control group was deceased at three months compared to baseline (92.87 vs. 86.11 mL/min/1.73m^3^). This showed that patients in the control group had kidney damage with loss of kidney function. Medical adherence in the control group at three months after baseline was increased but remained low.

Our study showed inconsistent results from the previous systematic review that showed no significant effect on reduction of blood pressure and renal function.[@CIT0019] In our study the eGFR was significantly improved in the intervention group compared with the control group at three months after baseline. This reflected an improvement in renal function among patients of the intervention group. Moreover, our study supports the previous metaanalysis of randomized-controlled trials on the reduction of blood pressure is an effective strategy to preventing cardiovascular events among people with moderately reduced eGFR[@CIT0020] and the study also showed that patients with eGFR\<60 mL/min/1.73 m2 who were aware of reduction of salty diet and health-related behavior were more likely to reach blood pressure controlled recommendation.[@CIT0020],[@CIT0021]

Approximately 2.5 million hypertensive patients in Thailand receive treatment but fail to control their blood pressure. This might be the result of various factors. Such factors include: the inconvenience of travel to the hypertension clinic from a remote area, long waiting times for treatment, irregular use of medication, fear of side effects, use of expired medication, and confusion regarding the various doses and medications.

The multidisciplinary approach in this study addressed all the root causes of uncontrolled blood pressure problems among the patients. The present study proved that the multidisciplinary approach, and the efforts of multidisciplinary health-care providers to provide comprehensive information and intensive intervention through patient-centric care close to home, can improve blood pressure control among elderly hypertensive patients. The multidisciplinary intervention program was useful in helping patients with a history of uncontrolled blood pressure and poor adherence to effectively control their blood pressure, improve medication adherence, and maintain normal kidney function.

The present findings are consistent with those of previous studies on factors related to the control of blood pressure. One of the key factors related to blood pressure control is the lack of time among health-care providers to provide information or thoroughly answer patients' questions. This could lead to misinformation and the patient's decision to discontinue follow-up treatment. Earlier studies have shown that patients with hypertension who show good adherence to antihypertensive medications tend to maintain appropriate blood pressure levels and renal function. People who adhere to antihypertensive medication regimens are 45% more likely to achieve blood pressure control.[@CIT0022]--[@CIT0024]

Our findings demonstrate similar results to other studies that employed multidisciplinary approach intervention programs that involved intensive hypertension care and services by multidisciplinary health-care providers, family and community participation focused on long-term lifestyle modification, with the consumption of healthy foods with low sodium and fat, sufficient fruits and vegetables, regular physical activity, adequate control of stress, and improved antihypertension adherence.[@CIT0025]--[@CIT0027]

To our knowledge, this is the first study to use a multidisciplinary intervention to improve blood pressure control in elderly hypertensive patients in the primary health care system under the UHC in rural Thailand. Our findings demonstrate that very intensive intervention by integrating a comprehensive multidisciplinary approach, based on the various causes of uncontrolled blood pressure into routine care, could be more effective than a single approach. Moreover, in an environment with limited resources, the multidisciplinary approach may be feasible for routine practice in the primary health care unit, especially in rural areas where access to health care facilities is a challenge.

For future studies, the cost-effectiveness of integrating multidisciplinary approach interventions in routine hypertension care service for elderly hypertensive patients in the primary health care system, should be investigated. And the lifestyle modification assessment especially diet and exercises should be assessed and explore the relationship with controlling of blood pressure among elderly patients.

Study Limitation {#S0005}
================

The finding of this study must be considered within the following limitation. The quasi-experimental design cannot be fully generalization of the effect of the intervention, the cluster randomization should be a better design for this study. The distance between intervention and control group is approximately 10 kilometers which may lead to the contamination of the knowledge and information between the intervention and control groups.

Conclusion {#S0006}
==========

The present study demonstrated that a multidisciplinary intervention program is more effective than an in-clinic hypertension care service and education program in improving blood pressure control among elderly hypertensive patients. A multidisciplinary approach should be applied in routine hypertensive care services in primary health care facilities, to improve the quality of care and access to health care under the UHC.
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[^1]: **Abbreviations:** SD, standard deviation; HT, hypertension; DM, diabetes mellitus.

[^2]: **Abbreviation:** BP, blood pressure.
